INING HEALTH AND SAFETY UPDATE

FROM THE EDITOR

The former U.5. Bureau of Minss

Health and Safety Research Pro-
gram has been transforred to the
Department of Energy, and Presi-
dent Clinton’s 1997 budget pro-
poses that this program be assigned
to the National Institute for Cocu-
pational Safcty and Health
(NTOSH). The Mine Health and
Safety Program will be imple-
mented through the Pittsburgh and
Spokane Research Centers.

Mining 11calth and Safety Re-

search Update will be issued peri-
odically to apprise our readers of
tangible research results and to ex-
pedite the transfer of new tech-
nologies. Each section of the Min-
ing Health and Safety Research
Update is planned to describe
what's new or changed in relation
to the current practices or technol-
ogy in mines today.

To ensure that we meet the needs
of' those in mining, we will contin-
ually seek the views and comments
of our readers. Enclosed with this

Update is a business reply card.
Please take a few minutes to re-
spond. Your input will help us for-
mulate the direction of our re-
search. We are open to your contri-
butions, suggestions, and questions
at any time.

This first Update is directed to-

ward developments in ground con-
trol, which is one of the most dy-
namic fields in mining. Changes in
geology, mining conditions, and
equipment can all have a signifi-
cant impact on decisions related to
mine design and operation_ Tt is
important for a research organiza-
tion to stay in tune with such
changes and to assess trends in
these areas. In addition, we recog-
nize that thete are other intercsted
organizations and groups who are
contributors to and users of techno-
logical innovations in this area. As
we see changes in the structure and
operation of many of the organiza-
tions that are participants in this
area, ihe ability to join (ogether to
solve the problems of today and to-
morrow becomes impeorative to all
interests.

LET US KNOW WHALl YOU THINK!

Fax (Pittsburgh) 412-892-6891

Fax (Spokane) 509-353-2652
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In Focus

Cable Bolts: A “New” Support

By Thomas P. Mucha

Cable bolts are emerging as the newest “twist™ for roof support

in 11.5. underground ¢oal mines. For decades cable bolts installed
in underground metal mines in the United Statcs and Canada used
cement-based grouts for anchoring. The cement anchoring pro-
cess, because of the time and expense for installation, made cable
bolis impractical for use in coal mines. Today, the miroduction of
resin-anchored cable bolts provides a system niore consistent with
traditional U.S. coal mine roof belting practices and requirements.
Expectations arc that the utilization of cable bolts for a number of
1.5, mining applications will continue to expand, particularly in
coal mining.

Cable bolt support rechnology, including hardware and anchor-

age systems, continug lo evolve to satisfy U.S. mining industry
reguirerents. lanovations have improved the ease and speed of
cable bolt installation and the overall economy of cabie bolting;
¢fforts continue to expand these capabilities. For cables to be suc-
cessfully implementsd into the various ground control areas to
whrich they seemn suited, the range and mechanics of this support
pertormance need to be fully understood. A variety of factors can
affect cable system performance, including the mine geology and
stress conditions. Variables that must be considered for cable in-
stallation include hole size; cable length (grouted length and free
length); resin compaosition and formulation; the number, type, lo-
cation, and relative size of cable anchors or buttons; and the use of
resin dams/keepers. The hezlth and safety research program,
through cooperation with cable bolt and resin manufacturers and
coal mining companies, is evaluating many of these key parame-
ters through in situ testing at 2 number of coal mines, as well ag at
our Lake Lynn Laboratory near Morgantown, WV, Much of the
early cooperative coal mine cable bolt testing involved western
11.5. longwalls. Recently, we completed the first test of cable bolis
at an eastern U. 8. longwall site in southern West Virginia with a
cooperating coal company (see fn the Field, p. 4).

Manufacturers offer features that improve performance and/or

ease of installation. Resin dam/keepers, devices intended to con-
tain the resin in the anchaor location, and metal “stiffencrs” near
the bolt head are examples. In addition, roof bolt resing are being
formulated for use with cable bolls; some of these resins are spe-
cially mixed to ease instaliation.

Because of the coal industry's interest in injury prevention and
safery and the potential support cost savings, the growth in use and
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The “cable bolt system™ comprises both the cable bolt and the
resin anchotage. Cable bolts vary from manutacturer to
manufacturer; however, most cable supports incorporate
several basic components:

+ Termination - A variety of systems are used 1o altach a head
to the cable sirand. Both passive and tensionable systems are
available. The head typically bears on a heavy plate {or
strap} installed against the mine roof,

+ Cable - The most common cable in use today is a seven-wire,
1.524-cm {0.6-in} diameter, ASTM grade 270 strand.

+  Anchors - Most manufacturers of cable bolts provide some
form of cable anchor to promote resin mixing and to enhance
the ability ol the cable 1o anchor in the resin column. A
variety of anchors are available, including ot cages, buttons,
bird cages, and bulbs.

development of cable bolt systems is expected to continue. Seme
advantages of cablc bolts compared to traditional roof supports
used in coal mines are detailed below.

% Wide Secondary/Supplemental Support Applications -
Currently, most mines testing cable bolts use them in see-
ondary and supplemental support applications, such as crib-
less longwall tailgates, bleeder entries, headgate support,
long-life or critical openings. and timberless room-and-pillar
secondary suppart applications. Cables may someday be used
as primary suppont, because the flexibility of cable may be
amenable to automated installation in mid o low-seam coal
mines.

% Wide Load/Deformation Range Capability - Normally, ca-
bies have more deformation (or stretch) than waditional roof
bolts. Common cable bolts and grout length (3.66 m (12 ft)
cable with 1.52 m {3 ft} of resin grout} will be at “yield™ at
about 1.9 ¢m (3/4 in) of deformation, vet will continue to
slightly build load and deform to 7.6 to 10.16 em (3 to 4 in) of
deformation (see figure on p. 3). This performance is good for
many applications. By fully grouting the bolt in resin, a
“stiffer” {less deformation to yicld) performance can be ob-
tained. Likewise, by varying the amount and/or type of resin,
an even “softer” performance, with much more stretch and/or
yield betore failure, is possible.




CABLE BOLT ADVANTAGES

= UFIIATLE 9 #  (reater support
Dt + Fewer injuries
+ Deformation
#  Secondary support

* * *

Reduced costs
Ventilation
Flexibility
Improved miner safety

Q{) Greater Support Strength - The typical 7 strand cahle bolt
noted previousky will typically vield at about 25.4 metric tons
(28 short tons) and not fail until about 29 metric tons (32
shart tons) (see figure below). This is maore than most roof
bolts, giving high suppott resistance per support. A converse
benefit for many secondary support applications is that cable
bolis will evenrually fail unlike some wood supports, which
hardly ever fail. This may be advantageous for some sez-
ondary support applications (sea fn the Field p. 4).

Lower Labor/Material Costs - The cost and scarcity of tim-
ber have been a driving force in the development and use of
new secandary support system technelogies, especially for
western LS, longwall operations. Foremost, among these
technologies is cable bolting, which has repiaced wood cribs
as the main tailgate support in several western mines, With
the application of cable bolting, a 40% reduction in direct la-
bor and material costs can be achieved over that of timber
cribs. Much prime forest land is also potentially preserved.

Prevention of Injuries - Originally, a reason for conducting
health and safety research on cable bolts was the large number
of injuries that occur from the handling of timbers and cribs.
Such Injuries cause human suffering and can be very expen-
sive to a mining operation because of lost-time injurics and
worker compensation claims. Cable bolts greatly reduce this
type of injuries. From an operational standpaint, cable bolts
reduce the amount of material that has to be stored and trans-
pored underground by 70% to 80% when compared to using
timber cribs. This frees up equipment and also reduces road
traffic and maintenance.

L

S

Tmproved Ventilation/Escapeways - Ventilation is also im-
proved with cable bolts. Studies have shown Lhat the resis-
tance to ventilation from wood cribs was decreased by 25%
when cable bolts were used. This reduction in resistance has
a positive impact on dust control as well as ventilation costs.
The improvement in ventilation becomes extremely impor-
tant when designing a super longwal! panel where cable bolts
may be the key to the successtul operation of these super
panels, With a cribless gate road, the use of the tailgate as an
cscapeway is greatly enhanced. Walking through the re-
stricted space between the cribs is eliminated, while exiting
the face does not requirs clitbing over and around the tail-
gate entry. This also provides greater clearance for suppliyving
and mainlaining the face and tailpiece.

Flexibility - Because cable boits are flexible, long supports
can be installed very quickly and easily in limited seam
height.

Enhanced Miner Safety - Many of the above advantages
combine to provide better working conditions. Obviously, the
suppott strength of cable bolts, improved ventilation, and
reductions in dust and materials handling injuries serve to
improve health and safety conditions for the miner.

Inwvestigators include:
Thomas P. Mucheo at 412-892-6558
Dennis R. Dolinar at 412-892-6549

Lewis A. Martin 509-484-1610
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IN THE FIELD

Cribs Versus Cables

By Thomas P. Mucha

A field site in the Eagle Coalbed served as

the first full-scale test of a cable bolted cribless
tailgate on a longwall in the eastern: United
States. The Pittsburgh Research Center com-
pleted this initia test in December 1995 ata
mine in southern West Virginia. Previously,
most cribless cable bolt test areas and usage
had been in the Westem United States. Gener-
ally, the immediate roof in the mine changes
from a sandstone to shale. Tn the smudy area,
the immeadiate roof consisted of massive, but
small (437 ¢m - 61 ¢m {18 in - 24 in)) sand-
stone layers separated by thin coal streaks, Pri-
mary roof support was 1.07 m (3.5 f&), grade
60, No. 6 resin bolts installed on 1.52-m (5-ft)
centers using T-2 channgls. Cables were 3.66
m {12 ft) with 1.52 m (5 ft) of resin anchorage
inrows of 1.2 m (4 fi) on 1.8 m {6 ft) centers.
Intentions were to locate the test site in what
could be anticipated to be the worst ground
conditions alonp the longwall panel within a
given timeframe. As a result, the study site was
positioned under a stream valley that had been
associated with past ground control problems,
The site was also under a longwall barrier pil-
lar in the Upper Powellton Coalbed ihat had
been previously mined.

In this study, cable boits proved more than

adequate to provide a stable cribless tailgate.
Other advantages and possibly some disadvan-
1ages were also noted compared to cribs.

The field instrurnentation used was—

Q{) Multipoint sonic probe roof extensometers
{extos) to measure roof movements.
Hydraulic and pressure pads on cable bolts
to measure support loading.

U\‘) Roofifleor convergence pins te measure
hottom heave {roof movements known
from extas).
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Qb Automated data collection sysiem for
extos a first in cooperation with the
Canada Centre for Mineral and En-
ergy Technology (the Pilisburgh Re-
search Center has since purchased ity
own similar unit).

The cable bolts and instrumentation

were installed just prior to the adjacent
longwall face passing the est area, en-
abling the recording of the side abutment
loading effects from the panel. There was
very little roof movement during and af-
ter the passing of the adjacent longwall
face. However, there was considerable
bottom heave (inches) in the crib areas as
opposed to almost no heave in the cable
balted area (tenths of an inch). This samc
pattern, more bottom heave in the crib
area, was also true of the floor heave re-
sulting from the front abutment during
the panel longwall mining. We were
never able to ascertain the reason for this
difference in behavior.

The tailgate roof in the cable bolted area

was extremely stable during the longwall
mining wilh only a total of one tenth of
an inch of total movemeni over the ap-
proximately 6.1 m {20 fi}) monitored with
the extensometers, even for those read up
to 10.4 m (34 fi) inby the longwall facc.
The cribbed area was also reasonably sta-
ble with a maximum ot a little over 1.27
cm (1/2 in) of total movement in the roof
in an cxtensometer. The extreme stability
in the cable area was also noted by the
low cable bolt loads, almost none until
the face passed, and generally only a few
thousand pounds gained until they passed
the end of the shield caving beam. Crib
convergence, and therefore loading, was
also low, mainly increasing becauss of
the bottom heave of the longwall front
abutment loading.

Although roof stability was relatively
the same, stable in both the cribbed and

cabled areas, there were some notable
differences in caving characteristics he-
tween the two support types. The cables
would support the tailgate entry to dis-
tances of approximately 22.9 m (75 i)
behind the longwall face. They would
then begin to fail in a domino fashion un-
til the resulting fall would approach near
the inby end of the shicld caving beam.
This cyclic caving was noted throughout
the cable area. Also, caving would be
nearly complete to the edge of the tailgate
chain pillar. In contrast, crib caving,
while alse cyciic, would usually be i pe-
riods of hundreds of feet. Also, all of the
cribs would net tail, especially not the
line nearest the chain pillar, This differ-
ence in caving characteristics resulted in
less front abutment leading on the long-
wall panel and tailgate through the cable
area compared with the cribbed areas.
This was evidenced by tailgate rib
sloughage, tailgate area panel coal
sloughage, and roof noise in the tailgate.
There can be pros and cons to these dif-
ferences in behavior.

Likewise. the differences in caving be-

havier produced an impact on face venti-
lation. Because of the tighter caving in
the cable test area, almost ali of the long-
wall air traveled along the face with little
traveling behind the shields, especially in
the tailgate area. Tailgate gob ventilation
was also reduced. This may unfavorably
impact gassy gob longwalls, but should
be a plus for longwall dust contrel due to
higher face air atilization for dust re-
moval.

A further evaluation of tailgate cable

bolts in weak roof conditions for compar-
ison with this streng roof environment is
expected to be the next phase of this work
by the Pittsburgh Research Center.




Shield Failure Results

By Thomas M. Barezak

Thc decision to scrap a set of longwall

shields and purchase new enes has a ma-
jor impact on the safety and productivity
of a Jongwall operation. That decision is
muost often based on the structural in-
tegrity of the existing shields. Shield fail-
ure will evertually stop a longwall opera-
tion, and the repairs arc typically costly
and ineffective. Ideally, shields should be
replaced after full life expectancy is
reached.

"The life of a shield is determined by the

number of operating cycles and the in-
service load conditions. Structural fail-
ures are Lypically due to fatigue. Shield
fatigue tailure is as subtle as a time bomb,
exploding with little or no warning, Mer-
formance testing is the only practical
method of determining the remaining life
expectancy of shields. The oplimurn time
for testing is when the in-service, utiliza-
tion approaches the manufacturer’s war-

ranty,

As aresult of these performance 12515, it was determined that the
shield could be safely used for several more panels.

The Strategic Structures Testing Labo-
ratory in Pitisburgh, PA, with its unique
Mine Roof Simulator is an active load
frame that more accuratety simulates
in-service load conditions than static
load frames. This is the sole active load
frame in the United States with suffi-
cient size and load capacity to accom-
modate shicld testing. The Mine Roof
Simulator provides realistic perfor-
mance data by combining both vertical
and horizontal (racking) loading into a
single load cycle. In a static frame, sev-
eral load cycles are needed to obtain
this leading. In addition to these advan-
1ages, an independent assessment of
shield performance is guaranteed.

Recemly, Eastern Associated Coal Co.

cvaluvated the life expectancy of shields
that wete in service for nearly 15 years
with approximately 40,000 load cycles
of use. The Mine Rool Simulator per-

formance test applied 10,000

cycles of combined vertical and horizontal
loading with strain gauges used to measure
the load transfer to each of the shield compo-
nents,

% In-service load conditions tested &
]
P Slippage of the canopy along the roof

interface, which transferred the
horizontad component of the leg force to
the caving shield-lemniscare assembly.

Flexing of the conopy and base by
campaction of roof-and-floor debris.

Eccemric fuce-toface racking of the
canapy relative 1o the base, which
produced lateral forces and bending.

The shield maintained its integrity during the
tests with no apparent structural damage.

Mine Roof Simulator Capabilitics

FOICL STROKE
Vertical Z, 14 MN 00 mm
(3,000,000 Ibs) (24 inches)
Horizonial X 7.3 MIN 400 mm
(1,600,000 Ibs) (16 inches)
Lateral Y 7.3 MN 12 mm
{1,600,000 lbs) {0.5 inches)

IMIMENSIONS

Shicld testing at the Mine Root Simulator,

Platen Size:

6.1 x 6.1 meters (20 £t x 20 fi)

Simulator
Weight:

907 metric 1ons (2,000,000 ths)
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RESEARCH PROFILES

Multiple-Seam Mining

By Gregory S Chekan

Thc Clean Air Act of 1992 required lower sulfur dioxide emissions,
increasing demand for low-sulfur coal. Some of the major fow-sullur
coalbeds in the Appalachian Coal Region occur at depths ranging
from 152.4 m to 609.6 m (500 to 2,000 ft). Histotically, coal in this
region has been mined without consideration for the influence on
other adjacent coalbeds. As a consequence of this practice, environ-
mentaily acceptable compliance coal may be more difficult to mine
because of ground control problems associated with multiple-seam
mining. Developing design technology or models to safely mine coal
above or below an existing mine provides an economic and emplay-
ment oppertunity and a domestic source for U.S. energy require-
ments.

Multiplc-seam mining requires a comprehensive understanding of
the stress transfer that occurs between two coalbeds. Obviously,
mine design is crucial for roof, rib, and floor stability. Pillar and en-
try dimensiaons, positioning, as well as the timing during mine devel-
opment, affect overall conditions in the mines.

Multiplc-scam mining research, for the most part, has concentrated

on two areas. The first area constitutes the bulk of the research to
date and involves the analysis of field data. These empirical studies
involved observation or use of geomechanical instrumeniation 1o
sather data leading to deseriptive conelusions of ground preblems
and design recommendations for impraving operation stability. Em-
pirical studies based on case study documentation have revealed the
factors under which interactions of the coalbeds are most likely to
oceur, These studies showed that both geology and mine design in-
fluence interactive distance, magnitude, and location.

Ohther multiple-seam research invelves the use of immerical meth-

ads for predicting interactive problems. These methods combine
case study results with theoretical and statistical analysis in attempt-
ing to develop optimam mining plans for multiple-seam conditions.
Photoelastic and numerical models have provided insight and im-
proved understanding of mining-induced stress and interactions with
other workings. Numerical models can also simulate relative stress
distribution and transfer under varied design parameters or condi-
tions.

Heant and safety research has provided practical information

and guidelings on multiple-seam design for both longwall and
room-and-pillar mining. For instance, a method was developed
to assist operators size lower-seam gate road pillars when super-
positioning is practiced in longwall mining, as shown below.

Surface
Koulment Abgtrmant
lacx lacd
Devrlopment.
load
|
i
Therarden
Hined sut
longwdl pend

Lowsr eing )

Nat be o

Is room-and-pillar operations, bigh stress zones are usually en-
countered in the lower mine when mining beneath an isolated
barrier pillar or a gob-solid ceal boundary in the upper mine. To
reduce siress in the lower mine pillars, retreal mine (rom the gob
1o the solid side of the boundary and support the barmer edge
with a row of pillars, as shown below.
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Upper mine
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Information Circulars 9360 and 94013 provide more detail on multiple-seam research. For a copy of these
reports or additional information, call Greg Chekan at (412) §92-6749 or Dave Ingram at (412) 892-6547.




FROM THE WEST

Deep Mine Stress

By Dowg Scoit

F uture domestic mining will expand to

deep-level mining because of environmen-
tal constraints and depletion of readily ac-
cessible, currently mined, near-surface,
low-grade deposits.

Rock masses in deep-level mines are

subject to high stress, which can result in
unexpected failurg of rock inte mined-out
openings. Many factors, including but not
limited to geology, rate of mining, geome-
try of mine openings, and tectonic stress,
can be evaluated to determine ground con-
ditions prior to failure.

One method to evaluate relative stress in

underground rock masses is 1o use
“seismic tomography,” based on the prn-

* ciple that highly stressed rock will demon-

strate relatively higher seismic velocities
than rock with lesy stress (load).

Personnet at the Spokane Research

Center have been investigating the use of
seismic tomography to identify stress in
remnant ore pillars in deep greater than
1,220 m (4.003 ft ) underground mines.
Tn this process, three-dimensional seis-
mic surveys are conducted in a pillar
between mine levels. A sledgehammer is
used to generate P-waves, which are
recorded by geophones connected to a
stacking signal seismograph capable of
collecting and storing the P-wave data.
Travel times are input intc a spreadsheet
and then merged into imaging software.
Mine workings are superimposed over
P-wave velocity contours to generale a
tomographic image.

The suceess of using tomographic tech-
nology to determine stress and geoloeic
structure in an underground pillar de-
pends on subsequent surveys to be used

lor comparison with earlier surveys, A
drop in stress, increase in stress, or
movement of siress can be verified by
comparing tomograms. Seismic tomog-
raphy has been proven to be a successful
method to delineate stress in under-
ground pillars and can be implemented
by mine engineers.

The overall importance of this work is

to improve the safery of miners working
in deep-level mines. Environmental con-
straints imposed on surface mining and
depleticn of currently mined low-ptade
near-surface deposits will certainly force
the mining of deep-level dotmestic de-
posits. Determining new methods io ana-
lvze stress in rock masses in deep-level
mines by the Spokane Research Center
will contribute to the future of a safc
working environment for miners.

LEGEND
VELOQTY, km /s
0> 60 [ 4.5-5.0
Hs55-60 40-45  *Seismic event For more information on noninvasive geophysical
%0-55 . A techniques for dynamically detecting hazards during

active mining, call Doug Scott at 509-484-1610

Fatals
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The Pittsburgh and Spokane
Research Centers are continuing
health and safety research previously

jll performed by the U.S. Bureau of Mines.
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From your perspective as a ground con-
trol engineer and professor of mining en-
gineering, which are the most pressing ar-
eas where the technology of ground con-
trol should be improved?

[ suggest that there are at least three areas
which require urgent attention. First, we
need to improve our definition of the consti-
tuitive laws in the postfailure state. Second,
we showdd enhance onr capability of quanti-
fving the properties of the rock mass in the
fleld. mainly to provide imput porameters
Jfur modeling. Third, we must rekindie our
efforts 1o perform systematic field observa-
tions and compure the derived data with re-
sulis obtained by mumerical modeling, We
should not hesitate to da back-calculations
to make the madel more useful.

There are many fundamental changes oc-
curring in the mining industry at this
time. How do you see ground control re-
search occurring in the future?

The ability to carry out large-scale ground
control research has virually disappeared,
The effort required to tackle the tasks I de-
scribed in the previous question is probably
bevond the means of the surviving research
units in academia, in government service, or
int Incdustrv. { really do not know where we
o from here. §t is even miore perturbing
that, apart from a few bright spots, the situ-
ation is not better worldwide.

You have worked on mining problems in
numerous countries around the globe.
How do you assess the present state of
ground control technology and its world-
wide impact on mining operations?

While major strides have been made, I fee!
disappointed with the rate of advance. The
slow rate of progress is probably commen-

INTERVIEW
Miklos D. ;. Salamon

In a career that has spanned more than 3 decades, Dr. Salamon is a wotld-renowned expert in mining engineering. Recently,
he has served as the Head of the Mining Engineering Department at the Colorada School of Mines and as the Director of the
Colorado Mining and Mineral Research Institute. Dr. Salamon’s expertise in the field of rock mechanics, ming safety,
advanced mining technology, and mining research management continues to be sought worldwide from Australia to
Zimbabwe. Below are his thought-provoking comments on ground control.

surate with the magnitude of the rask and
with the fragmenied research which has
facked coovdination and perseverance. The
impact on industry has been spotty. In some
countries, the technology is being imple-
mented in air acceprable manner, while in
others, there is o surprising lack of aware-
nesy by engineers of the availability of bet-
ter and safer methods of ground control,

“The ahiliey to carry out large
ol research

ground ¢on i
virtually disappeared.”

What major factors or events do you be-

lieve have helped to shape ground control

technology around the world?

The development of ground control has
been shaped largely by pressing needs,
which manifest themselves either as recur-
ring severe problems or major disasters.
The rockbuirst problem in deep South
African gold mines is a striking example of
the persistent problems. The annual tolf re-
suiting from the bursts has inspired an un-
precedented research effort that resulted in
significant advances. The Coaltbrook Col-
Iiery pillar collapse in 1960, costing the life

of 437 persons, I3 a tragic Hustration of
the cotastrophic events that has motivated
significant research expenditures and de-
fined jts priovities,

You were the coauthor of the pillar de-
sign methad used in South African coal
niines since 1967, What factors helped to
make that pillar design method accepi-
able to the industry?

1 think there were fowr factors. First and
foremost, the design approach was intro-
duced in the aftermath of the Coalbrook
disaster. Everyone wished (o avoid the re-
clirrence of such a tragedy. Secondly, the
method was based on the strict statistical
analvsis of some 125 case histories, of
which 27 were previous piflar faifires and
the rentainder were stable cases. The use
vf these data lent cansiderable autherticity
to the resufis. Thirdly, a lot of engineers
were involved in the colfation of the data
Jforming the basis of the study. This partici-
pation had creared a feeling of
“ownership " which made the Introduction
much easier. Finally, we, the originators of
the design method, made every effort 1o ex-
Blain the principles and participated on on
indusiry-wide scale in its actual applica-
Hon,

“We must rekindle our efforis to
perform systematic field observations
and compare the derived data with
resufts obtained by numerical
modeling. "
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D the reply mail posteard

Please remember to return -

In the 1960°s you were instrumental in developing some
of the first analytical, analog, and numerical models of
mines: however, it appears that even now empirical for-
mulas and rules of thumb still guide most practical
ground control decisions. What do you feel is the pre-
sent ntility of mechanistic models, and is there a hope
for change in this area?

This is a very complex and multifuceted guestion. | will at-
tempt fo tackie only some of these complexities. Let me at
the outsef say that mechanistic models are fairly widely
used in the mines where they were inflially introduced, that
is, in the South African gold mines. Thelr relative lack of
success on the international seene is partly due fo our
rapidly growing ability of developing more and more intri-
caté models, often witkhout testing them against the behavior
of the prodotipe. The complexity of the models hus outpaced
our ability of quantifving the representative properties for
the vock mass. Anether problem is the lack of communica-
tion between the mode! developers and the engineers af the
mines with problems. | am convinced, however, that seme
of the alreaddy cvasfable models, while not capable of
achieving miracles, are able to dov much more than they are
given credit for. Let us give them a chance.

N
Thank You!

STARTUPS

Underground Stone Mining

By Lou Prosser

Tﬂ date, very little research has been directed toward

underground stone mining. Data analysis shows that a
dispropertionate number of fatalities occurred in under-
ground U.S. limestone mines compared to the quantity of
stone produced. In the last 10 years, production of lime-
stone from underground mines accounted for about 5%
of the U.S. total output but 24% of that industry’s fatali-
ties. Since 1985, 11 miners have been killed and ¢ in-
jured in ground control-related aceidents.

As an indication of growing interest in this area, 177 participants

attended a Ground Control Seminar for underground stone mines on
November 1, 1895, in Somerset, PA. The meeting was sponsored by
the Pennsylvania Bureau of Deep Mine Safety and the Mine Safety
and tlealth Administration.

About #5% of the mining company personnel in attendance re-

sponded to a survey on cenditiens and areas of interest to the indus-
try. Results of the survey showed that 70% of the operators use roof
bolts on a spot or as-needed basis; about 20% bolt regularly or
throughout their mine. High interest was expressed in miner training
in the following areas: scaling {77%); bolting (67)%; and blasting and
drilling {both at 49%}. As a result of this initial interest by industry
and a trend of increasimg underground stone production, a more de-
tailed examination of factors that influence ground conditions in this
indusiry is planned for 1996. If you are intcrested in more informa-
tion on this project, please let us know.

It estigators includy: Aathony Yannacehi
Roy Gran 4 and Low Prosser 412-
All three can be reached by fax an 412-892-089 1,
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LINK-N-LOCK cribs provide higher support capacity with less
woad. These ¢ribs, developed and manufactured by Strata Prod-
ucts {UUSA) [nc., improve the capability of conventional wood
cribbing. The Link-N-Lock is constructed trom timber blocks that
are notched on both ends such that they stack much like a log
cabin. This arangement provides full contact among adjoining
timbers as opposed to 40% contact provided in conventional 4-
point eribbing stacks,

This concept provides greater suppart capacity, improves stabil-
ity. and reduces material handling by 30% or more. These sup-
ports are ideal for bleeder entries and other long-term support ar-
eas. For more specifics on our assessment and testing of the Link-
N-Lock cribs, call Tom Barczak at 412-892-6557 or fax your in-
quiry to 412-892-6891.

Referenet 1o specilic products does nol imply endorse-
ment by the Pittsburgh and Spokanc Research Centers.

FORCE, kN

NEW CONCEPTS

COMPARISON OF STRATA PRODUCTS LINK-N-LOCK
CRIB SUPPORTS AND CONVENTIONAL 4-POINT CRIB

— =4 TPTCRIB - mixed hardwond 15.2 % 15,2 x 91 4 ¢m timbers
—d INK-N-LOCK CRID - 89X 15.2 x 53.3 ¢m limbers
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COMPUTER CORNER Retreat Mining Pillar Stability

pom-and-pillar retreat mining has been
owing in popuiarity because of productive
new technelogy, mcluding remote control
continuous miners, extended cuts, and mobile
raaf supports. Pillar retreat mines can achieve the same high recovery
as longwalls, with lower capital costs and greater flexibility. Unfortu-
nately, between 1990 and 1993, nearly 30% of all roofirib fatalities
occurred on retreat mining sections. Also, millions of tons of minable
coal are left in place each year because of pillar squeezes, floor heave,
pillar line roof falls, and pillar bumps. Traditional pillar design meth-
ads are of little help due to the complex mining geometries and abut-
ment pressures that are present during pillar extraction.

The Analysis of Retreat Mining Pillar Stability (ARMFES} program

was developed to help ensure that pillars are of adequate size for all
anticipated loading conditions. ARMPS calculates a Stability Factor
{SF) based on estimatcs of the loads applied to, and the load-bearing
capacities of, pillars during retreat mining operations. The pregrarn
can mode] the significanl features of most retreat mining fayouts, in-
cluding angled crosscuts, varied spacings between entries, barrier pil-
tars between the active section and old {sids} gobs, and slabcuts in the
barriers on retreat. It also uses the Mark-Bieniawski pillar strength
forrula (discussed in Facts and Formulas, p. 11}, which considers the
greater strength of rectangular pillars.

10

By Caristopher Mark

Histogram of the ARMPS tetreat mining case history
database, showing pillar failures and satisfactory cases.

KEY
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CASE HISTORIES
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- To obtain a single copy of the |

- ARMPS computer program, |
. send a double-sided, double- |
7 density diskette to: Cl
i Christopher Mark o
" F.0. Box 18070 :C}

= Pittsburgh, PA 15236
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The ARMPS method is being verified through analysis of past

pillat recovery case histories. To date, 105 case histories have
been obtained from 10 States. As the figure on p, 10 shows, pil-
lar failures occurred i 2% of the cases where the ARMPS SF
was less than 0,75, Where the ARMPS SF was greater than 1.5,
$5% of the pillar designs were satisfactory. SF values ranging
from (.75 to 1,50 show mixed results, as both successful and un-
successful cases are found.

Current research is directed toward determining which factors

may ¢ontribute to satisfactory conditions when the ARMPS SF is
in the 0.75 and 1.5 range.

The ArRMPS program is a proven aid in planning pillar recovery

operations. It is easy to use and provides analysis in a relatively
short time. ARMPS is currently in use at mines in Kentucky,
Pennsylvania, Tennessee, and West Virginia, and regulatory
agencies have also made extensive use of the program. ARMPS
is just cne aspect of current health and safety research directed
toward improving the safety of room-and-pillar retreat mining,.
Other issues that are being addressed include preventing massive
pillar collapses/airblasts, the design of retreat panels for bump
control, and the application of mobile roof supports.

Facts and Formulas

Rectangular Pillar Formula

Most pillar strength formulas were developed for square coal
piltars, An example is the Bieniawski formula:

S, =5,/ [0.64 1 (036 wh)]. (1)

where 5, = pillar strength,

S, = in situ coal strength,

w = pilkar width {Jeast plan dimension), and
h = pillar height.

Bieniawski recognized that his formnta underestimated the strength

of reclanguiar pillars, but because it was based on in situ testing of
square specimens, there was oo obvious way of estimating the “pillar
length” effect.

Pillar's load

Coal Pillar

L

RECTANGULAR PILLAR

| 4 The Mark-Bieniawski Pillar Strength Formula
I considers the effect of pillar length.

i

Today, we know that when a pillar fails, the siress is lowest at the
rib and greatest in its centrat core. The stress profile is the function
that describes the stress level at any point between the rib and the
core. The pillar’s ultimate load-bearing capacity is the stress profile
integrated over the area of the pillar.

The square pillar formulas do not explicitly consider the internal

stress distribution, but they imply a stress gradient becaunse of the w/h
effect. The stress gradient implied by the Bieniawski square pillar
formula was derived mathematically and found to be:

0,=8, {0.64 + (2.16 )], @

where x = distance from the pillar rib, and

o,= piliar stress.
The Mark-Bieniawski rectangular pillar strength formula was ob-
tained by integrating equation (2) over the area of a rectangular-

shaped pillar, then dividing by the load-bearing area:

S, =S, [0.64 + (0.54 w/h) - (0.18 w¥/Lh)}, @

where L = pillar length.

T'his formula indicates that the increase in strength in & rectangular

pillar depends on both {(w/h} and {w/L). For example, this formula
suggests that the strength of a strip pillar with a very large w/h ratio
is ncarly 5094 greater than predicted by the original square pillar for-
mula. A pillar whose length is twice its width is predicted to be 10%

H et Jupvi iy forct, povenedin or iy for discossion, fer s
Anow by plicsie or fix,




DATA LINE

COAL PRODUCTION
1995

Top 15 States
(million tons)

Mining Fatalities

1993 1994 1995

Short  Metric

TOTAL 1N Wyoming 263.7 2392

2. West Virginia 162.9 1478

Coal 47 44 47 3. Kentucky 150.6 1366

Surface 21 20 19 4, Pennsylvania 57.9 52.5

Underground 26 24 28 5 Texas 495 44.9

Netal! 31 40 51 6. Tlinois 47.9 43.5

Nonmetal 7. Montana 374 339

Surface 33 31 45 8. Virgima 346 314

Enderground 18 3 ] 9. North Dakota 297 26.9

— — . . 10.  New Mexico 26.8 24.3

As of March 8, 1996, 7 fatalities vecurved in coal and 7 in 11 Alabam. 26.1 23.7
metal/nunmeial compared to 3 and 9, respectively, for the : N a ' '

same time in 1995 12. Indiana 25.7 23.3

13 TJtah 25.0 227

Source: Mine Safety & Health Administration. 14, Colotrado 24.4 721

WORKPLACE INJURIES & ILLNESSES Excludes anbracie

Source: LS. Department of Energy, Energy Information

The Bureau of Labaor Statisties released a report on workplace injuries Administration, January 1996.

and illnesses on December 13, 1995, Far 1994, 3.4 cases of injury or ill- NEW fELEASE: “Rating the SUEUE}h ol Coal Mine Roof
ness were reported for every 100 equivalent full-time workers in private Recks” - IC 9444 - call Gregory Molinda at 412-892-68%0

industry workplaces. The breakdown for mining is shown below. or Christepher Mark at 412-§92-6522 for a copy - or fax
your request to 412-392-6891.

NONFATAL QCCUPATIONAL INJURY INCIDENCE RATES PER 106 FULL-TIME WORKERS, BY INDUSTRY {1994)

Lost worhday eases
Annual
a uy Tut: Tutal With davs away  Cases withouot Jost
cmploy ment ASEN from work worhdass

Industry

Mining {Totalw'

Metal imiving
Couf mining
EHF aird gas extracrion

Nerruvetadlic winerady,
exeept fueh

Independent mining contractors are excluded from the coal, metal, and nonmetal mining industries.




